The maximum rate of extracloacal NaCl excretion was about 200 pmoles/ 100 g per hr. Extracloacal K losses ranged from 1 to 9 pmoles/ 100 g per hr. The total amount of NaCl excreted extracloacally was the same as the load injected.
Sucrose loads exerted an effect one-half that of an equivalent number of millimoles of NaCl, suggesting an osmotic control of gland secretion. During periods of salt loading, more Na, Cl, and K were excreted extracloacally than cloacally. Urine was always hypoosmotic to the plasma. These data show that a powerful salt gland is present, emptying into the oral region of this sea snake. extrarenal excretion; ionic regulation; active transport; reptilian kidney; marine reptile ~HE OCCURRENCE of a functional salt gland has been established in only one species of sea snake, Laticauda semifasciata (1). The sea snakes are divided into two subfamilies, Laticaudinae and Hydrophiinae (9). L. semifasciata, a member of the former group, is a widely distributed species and is generally less well adapted for an aquatic ex istence tha n many other sea snakes. I t is k11own t0 be pa rtl y terrestrial (9 ). Although L. fasciata definitely has a salt moderately well developed gland since ,I consider i t to be its secretory capac even sem zonly half that of the green sea turtle ( 1, 3). This low capacity is not too surprisi ng when one considers that the amphibious existence of Laticauda probably allows it to avoid a large portion of the salt load acquired by more marine reptiles such as the green sea turtle. The second sea snake subfamily, the Hydrophiinae, contains a species which is the most widely distributed and best adapted for life at sea of all forms. This highly specialized animal, Pelamis ~Zulurus, the yellow-bellied sea snake, is the only sea snake which has been able to cross the Pacific Ocean and establish itself on the western coast of North, Central, and South America.
It seems likely that this species, which In Laticauda the insoluble or bound urine fraction was not a major source of electrolyte loss under fasting conditions ( 1).
RESULTS
Plasma electrolyte concentrations for three Pelamis are given in Table  1 . Na, Cl, and K concentrations are remarkably high for tetrapods. As in other vertebrates, the plasma Cl concentration is less than the Na concentration. These snakes were in varying degrees of dehydration; they were kept in seawater and they fed only rarely. All had received salt loads at some time and had recovered from the effects of the load, Unfortunately no plasma samples were taken from freshly caught snakes.
After receiving salt loads, snakes I and 4 secreted a fluid from the mouth very concentrated in NaCl (Table  1 ). The mean Na and Cl concentration was considerably above that of seawater. K was present in much smaller amounts, 19.6-26.4 mM, on the average. Sodium and chloride were approximately equimolar in samples from these two snakes. It is worth noting that the Na/K of the oral salt gland fluid was lower than that of seawater, reflecting a larger K than Na increase over seawater. The loaded snakes secreted fluid only from the mouth; drops were deposited on the substrate and on the snakes' chins. Table 2 lists the electrolyte composition of two fish which the sea snakes ate in captivity. In these two pelagic fish species, more Na than K was present. An intermediate amount of Cl was measured. The Na/K was near 1, providing the snakes with much more K in relation to Na than would be recieved in a drink of seawater. Thus Fig. 1 represents the initiation of secretion by the salt gland, continuance for a period of time, and then cessation of secretion as the load was cleared from the body. Figure 1 represents the plot of data from R&mis I, load 3. Table 3 lists the data obtained on five different snakes. There is a reasonably good correlation between the size of the salt load and the total amount of NaCl excreted. The rate of secretion does vary between different individuals.
Thus a given load did not elicit a standardized maximum rate of NaCl loss. The maximum extracloacal ion loss was computed from the initial linear portion of the curve as illustrated in Fig. 1 . In snake 4 in which both a wide range and a large number of salt loads were used, a relation is apparent between the size of the salt load and the maximum extracloacal excretion rate of Na and Cl. This is illustrated for four loads in Fig. 2 . Thus a small load elicits not only a shorter period of salt gland secretion but also a smaller secretion rate than a large load. This might be accomplished by a decrease in the volume or concentration of the secretion. It is also important to note that NaCl loads as small as 50 pmoles resulted in an appropriate response by the salt gland (Fig. 2, Table 3 ). It is very difficult to calculate the maximum rate of secretion after this load due to the small size of the response. An arithmetic plot of the load size against maximum rate of extracloacal NaCl loss for Pelamis 4 is shown in Fig. 3 . The exact nature of the function is unclear due to the small sample size on a single animal.
Snakes 2 and 4 received I-mmole sucrose loads (Table  3) . Each of these loads elicited total extracloacal NaCl losses equivalent to that of a O-5-mmole NaCl load. cloaca1 component was found to be consistently greater (Table 4) . Pelamis 3 had an extracloacal Cl-to-cloaca1 Cl ratio close to 1, probably due to a very low rate of extracloacal Cl loss. The Cl ratio in PeZumis 5 started rather low and then increased as the urine flow rate decreased, a sign of increasing dehydration. Extracloacal loss of Tl'a and Cl tended to be similar; K loss was much smaller.
Cloaca1 BJa loss was smaller than the Cl loss; both were higher than K. Extracloacal K/cloaca1 K was always greater than 1, but consistently less than the same ratio for Na and Cl. Cloaca1 urine Na and Cl concentrations were lower than plasma values (Table  1) . Urine K concentration was often greater than the plasma figure (Tables  1, 4 ). Cl oacal urine flows showed considerable variation, from 1.04 to 110.4 pliters/lOO g per hr (Table  4) . Pelamis 4 had cloaca1 urine flow rates lower than any of the other snakes and of Laticaudu ( 1). As successive salt loads were given to Pelumis 5 from 5a to %, urine flow decreased, but not to the level found in Pelamis 4.
A comparison of maximum rates of salt gland secretion in birds and reptiles is given in The distribution of salt glands in birds and reptiles has been summarized previously ( 1). Extrarenal electrolyte excretion is the most highly developed in marine birds and reptiles. A recent study by Staaland ( 10) has shown clearly that in 21 species of charadriiform birds the size of the nasal gland, length of the secretory tubules, and concentration of the nasal gland secretions are greater in the more marine forms. Such a precise relationship between the capacity of the salt gland and the ecology is not yet defined for terrestrial birds or for marine and terrestrial rep tiles. In this context Pelam~~ can be considered as the reptile most specialized for life in the open sea. other sea snakes depend more on the land than does P~~wLu'.s. All sea turtles must return to land to lav their eggs. The only marine lizard, the marine iguana, spends most of its time on shore with feeding taking place in the sea. However the salt content in the diet and the availability of water are presumably the major factors related to the secretory capacity of an animal's salt analyses performed by Klawe (4). Marine fish have a lower Na content than do most marine invertebrates and algae (3). Sea turtle food habits are not well known, but these animals definitely eat both invertebrates and some plant material.
Marine iguanas feed almost exclusively on algae. There is a surprising amount of variation in both total electrolyte content and in the relative amounts of various ions in invertebrates and algae possibly eaten by marine reptiles. Thus a carefu1 analysis of food items actually consumed will be necessary before any consideration can be given to the ecological importance of reptilian salt gland secretory capacity and ion ratios. From the present results it is clear that the pelagic sea snake Pelamis has a functional salt gland with a high capacity for secretion (Table  5 ). In the sea snake Laticauda the salt gland was tentatively identified as a new gland found in a median position over the palate ( 1, 11) . This gland was named the natrial gland in line with i ts supposed function.
A gross (11) Harderian glands in Pelamz's suggests that the Harderian may be the salt gland in sea snakes as it is in marine turtles. In any case, the anatomical locus for the physiological action of extrarenal salt secretion in sea snakes remains undefined.
The high NaCl and low K concentration of the Pelamis salt gland fluid is similar to concentrations in gland secretions frorn other fish-eating birds and reptiles. As in the green turtle (3), the Na/K ratio lower than seawater (Table 1) probably reflects an extrarenal means of eliminating K acquired in the food. Fish contain large amounts of K and the sea snake renal output of K seems rather limited (Table 4) . However this picture might be modified considerably if feeding snakes were studied. Pelamis responds quickly to subcutaneous salt loads and demonstrates a balanced response compared with the size of the load (Figs. 1, 2 , Table 3) These features plus the possible relation of load size to maximum salt gland secretion rate make the preparation a useful model for other salt glands in which the secretion rate is less easy to quantify. The major drawback of studying sea snakes is of course the danger of envenomation.
It is to be hoped that the question of the effect of salt-load size on the extracloacal secretory rate can be pursued further since this aspect of salt gland physiology has been little studied.
The osmotic pressure of the plasma appears to be one factor responsible for controlling the rate of salt gland secretion in Pehmis. Two sucrose loads elicited responses similar to those caused by osmotically equivalent NaCl loads (Table 3 ). The same type of control is found in the sea snake L,aticauda ( 1) and in birds (8). Progress in the elucidation of the mechanism of salt gland'secretion has been slow, since the elusive process of active transport is undoubtedly the driving force of the system. I would like to suggest that our understanding in a comparative sense of salt glands from reptiles and birds in a variety of habitats may be a means of approaching a solution to this problem.
Nature has provided us with a cline in secretory capacity and in relative ability to concentrate Na and K. These differences should be
